We investigate the relationships between gun ownership and murders, reported rapes, and robberies. We proxy gun ownership by the number of subscriptions to the gun magazine Handguns Magazine and accommodate the count nature of our data by analyzing them with a multivariate Poisson-lognormal model. For most of our analyses, we find that the correlation between today's number of guns and future crimes is as strong as the correlation between today's number of crimes and future guns. Reliance by previous research on sales of Guns&Ammo, the fourth largest gun magazine, is found to be problematic because of the large number of copies purchased by the magazine to guarantee the circulation promised to advertisers.
INTRODUCTION
Guns can be used to commit crime, but they can also be used to deter crime. It is therefore not obvious a priori whether crime will increase or decrease when the number of guns in society changes. Determining the net effect is ultimately an empirical question. In this paper, we use a multivariate Poisson-lognormal model to analyze the relationship between three types of violent crime, murder, rape, and robbery, in the United States and subscriptions to the gun magazine Handguns Magazine, which we use as a proxy for gun ownership.
An empirical analysis of the effect of changes in the number of guns needs to address three difficulties. First, while there are fairly reliable data on crime rates, there are few reliable data sets on gun ownership.
1 This makes it necessary to find a suitable proxy for gun ownership. Sociologists and others have long debated using gun magazine sales as proxy (e.g., Lester, 1989 and Kleck, 1997) , but economists have used this type of measure only recently (Duggan 2001 , Moody and Marvel, 2002 and 2005 . In the absence of a more reliable proxy for gun ownership, using gun magazine subscriptions seems to be a promising approach. Second, gun ownership and crime rates are likely to affect each other, so their relationship needs to be analyzed with a simultaneous equations model. Because changes in gun ownership and crime rates are likely to affect each other with a lag, such a model needs to account for intertemporal cross-correlation. Third, the number of guns and the number of crimes are 'counts' (non-negative integers) and many counties have only small numbers of certain violent crimes and gun owners in any given year. Because models that ignore the count nature of the data lead to unreliable inference 1 Large surveys at the state level are rarely conducted. For research using the voter exit poll surveys that are done nationally and survey as many as 36,000 voters, see Lott (2000, chap. 3 and pp. 113 and 114) . For a discussion on using the much smaller General Social Survey data, see Lott and Whitley (2002) . Survey information at more disaggregated levels than for states is not available.
(see, for example, Hausman et al. 1984) , the econometric model needs to accommodate the characteristics of the count data.
Simultaneous equations models and count analyses have been applied numerous times independently of each other, but there are only few analyses of correlated count data (see Munkin and Trivedi, 1999 , Chib and Winkelmann, 2001 , and Cameron et al., 2003 . Models of correlated count data involve multivariate discrete distributions whose closed form solutions are unknown, and their analyses require computer-intensive methods that became accessible only very recently. We follow the approach of Chib and Winkelmann (2001) and analyze our data with a multivariate
Poisson-lognormal model that we estimate with the Gibbs sampler.
Finding a non-zero correlation between contemporaneous gun ownership and criminal activity does not shed any light on the question of causality. For example, positive contemporaneous correlation could arise if higher rates of gun ownership lead to more criminal activity but also if people acquire guns in response to high crime rates. To distinguish between these two possibilities, we follow Duggan (2001) and compare the correlations of today's gun magazine subscriptions and future crime rates with the correlations of today's crimes rates and future subscriptions. If, for example, today's magazine subscriptions turn out to be positively correlated with future crime rates, then this would provide some evidence of a causal relationship between gun ownership and crime. 2 If, on the other hand, we find today's crime rates to be positively correlated with future subscription rates, then this would constitute evidence that people acquire guns in response to high crime rates.
2 Alternatively, people might purchase handguns today because they anticipate more crimes in the future.
For most of our analyses we find that these two types of correlation are of about equal magnitude and that neither type of correlation consistently exceeds the other. This suggests that either there is no causal relationship between guns and crimes, or that the two causal relationships are equally strong. Only when we analyze the relationship between the numbers of subscriptions and murders in counties with more than 100,000
persons, we find that in 13 out of 15 year-by-year comparisons the correlations between subscriptions and future murders exceed the correlations between murders and future subscriptions.
Our last finding lends some support to Duggan's (2001) county-level analysis of large counties with more than 100,000 persons for the years 1980 -1998. His least squares analyses show statistically significant positive correlations between changes in subscriptions to the gun magazine Guns&Ammo and changes in future murder rates, but much smaller and not statistically significant correlations between changes in murder rates and changes in future subscriptions to Guns&Ammo. However, when we analyze our data with Duggan's least squares model, we find that both types of correlation are virtually zero and not statistically significant.
It is possible that the difference between our and Duggan's results is a consequence of qualitative differences in the two data sets. We use county-level data on subscriptions to Handguns Magazine (1990 Magazine ( and 1993 Magazine ( -1997 , which, as we argue in Section 2, is a better proxy for gun ownership than Guns&Ammo (assuming that gun magazines are suitable proxies for gun ownership rates in the first place, not just a proxy for the number of people owning large numbers of guns). Conversations with the vice president of Handguns Magazine and Guns&Ammo lead us to believe that Guns&Ammo was severely affected by the magazine's own purchases of its copies. An analysis of state level data for six gun magazines provides additional evidence that Guns&Ammo is a very unique magazine because of these self-purchases. Because Duggan declined to share his data with us, because of the apparent problems with the Guns&Ammo data, and given the costs of acquiring and imputing both county level data sets, we decided to gather those data that are more likely to answer the empirical question on the relationship between gun ownership and crime that we are ultimately interested in.
3
The paper is organized as follows: we describe our data in Section 2 and report the results of a preliminary least squares analysis in Section 3. We summarize our multivariate Poisson-lognormal model and the setup of our analysis in Section 4. Section 5 contains the results of our count analyses, and Section 6 our conclusions.
THE DATA
It is reasonable to ask whether subscriptions to gun magazines are sufficiently highly correlated with gun ownership in the United States to permit the use of subscription data in analyses of gun ownership. 4 Duggan (2001) reports various pieces of evidence that suggest that subscription data for the gun magazine Guns&Ammo are a suitable proxy for gun ownership. 5 Guns&Ammo is the fourth-largest gun magazine in 3 Mark Duggan informed us that he had purchased the data from a commercial source that does not permit him to share these data with other researchers. 4 Academics have used many proxies for gun ownership rates, which include the number of accidental gun deaths or gun suicides, survey data, and the sales of gun magazines. No measure is entirely adequate. For example, accidental gun deaths seem to be more closely related to the level of gun ownership by criminals than by the general population. Gun owners may be reluctant to tell pollsters that they own a gun because of concerns that someone will try to take away their guns or that it is not socially acceptable to own one. The changing social acceptability of gun ownership might help explain the growing gap between the reported rates of gun ownership of married men and women. Those who own guns illegally are likely to underreport ownership. Even a registration system yields a very imprecise measure of gun ownership, and the guns that are registered are unlikely to be the guns that are producing any problems. Magazine sales have been used to proxy gun ownership by Lester (1989) , Kleck (1997) , Duggan (2001) , Marvel (2002, 2005) . 5 He finds that the characteristics of readers of Guns&Ammo are similar to the characteristics of typical gun owners. His analysis also suggests statistically significantly positive correlations between subscription rates to Guns&Ammo, and (1) gun shows (a proxy for gun sales), (2) death rates from gun accidents, (3) rates of suicides that are committed with hand guns, (4) membership in the National Rifle Association the United States, and it places a stronger emphasis on handguns (based on its product reviews) than the three gun magazines with greater circulation (American Rifleman, American Hunter, and North American Hunter). 6 However, while about 50 percent of the product reviews in Guns&Ammo are on handguns, there are two gun magazines (Handguns Magazine and American Handgunner) whose product reviews focus exclusively on handguns. It is likely that their exclusive foci on handguns make them better proxies for gun ownership in an analysis of gun-related crimes.
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Skip Johnson, a vice president for Guns&Ammo's and Handguns Magazine's parent company Primedia, told us that between 5 and 20 percent of Guns&Ammo's national sales in a particular year were purchases by his company to meet its guaranteed sales to advertisers. These copies were given away for free to dentists' and doctors' offices. Because the purchases were meant to offset any unexpected national declines in sales, Johnson said that own purchases were very selective and produced very large swings in a relatively small number of counties. More importantly, while a precise breakdown of how these free samples are counted towards the sales in different counties is not available, these self-purchases were apparently related to factors that helped explain why people might purchase guns, and these factors included changing crime rates. Johnson indicated that the issue of self-purchases is particularly important for (NRA), and (5) state-level gun ownership rates that are provided by the National Opinion Research Corporation's General Social Survey. Although he acknowledges that these tests do not provide conclusive proof of the adequacy of his proxy, he suggests that they indicate that his "panel data set represents the richest one ever assembled for measuring gun ownership" Duggan (2001 Duggan ( , p.1088 . 6 See Duggan (2001 Duggan ( , p.1089 Magazine and not to recreate the data set on Guns&Ammo.
We obtained county-level data on the number of subscriptions to Handguns Magazine for the six years 1990, 1993, 1994, 1995, 1996, and 1997 
PRELIMINARY LEAST SQUARES ANALYSIS
We first analyze our data with the least-squares model suggested by Duggan (2001) , who undertakes two county-level analyses. He first regresses the change in the log-homicide rate on the one-period lagged change in the log-homicide rate, ∆ln(M t-1 ), and on the one-period lagged change in the log-subscription rate to Guns&Ammo, ∆ln(S t-1 ). He then repeats the analysis with the change in the log-subscription rate to
Guns&Ammo as the dependent variable. 11 Because almost half of the observations on changes in homicides are zero, he restricts his analyses to counties with populations of more than 100,000 persons to circumvent the difficulties that arise with data that have a mass point at zero, and aggregates the remaining counties into a "Rest of the United
States." Columns 1 and 2 in Table 2 show the results that he reports in his Table 8 , Columns 1 and 5 (Duggan, 2001 (Duggan, , p.1102 ).
We first repeat his analysis using 1993 -1997 data from counties with populations that exceed 100,000 persons and a "Rest of the United States" (Table 2, Columns 3 and 4), then we repeat the analysis omitting the smaller counties (Columns 5 and 6), and finally we analyze data from all counties (Columns 7 and 8). 12 In addition to the log of the changes in the murder and subscription rates, we use a set of the covariates very similar to Duggan's.
13
11 Duggan undertakes two additional analyses that include two-period lags of homicide rates and subscription rates, as well as county trend dummies. Because our data set includes only five consecutive years, we decided not to repeat those analyses.
12 To avoid taking the logarithm of zero, we follow the usual (mal)practice of replacing all observations of zero with 0.1.
13 Duggan (2001) includes year fixed effects, real per capita income, the state unemployment rate, and the percentage of the population between 18 and 24. We also use fixed effects dummies, real per capita income, and the state unemployment rate, but we use the percentage of county population between 10 and 29 years of age (because our data set provides information only on the percentage of the population between 10 and 19 and the percentage of the population between 20 and 29). Both equations in all analyses
The conclusions that one might draw from Duggan's and our least squares analyses differ considerably. While our estimates of the coefficient of ∆ln(M our results simply indicate that there is considerable regression to the mean in murder as well as subscription rates. We tested additional specifications with the whole set of covariates that we describe in Section 5 below, but the results remained the same. Moody and Marvell (2002) point out that the above interpretation of causality from Duggan's results requires that subscriptions to Guns&Ammo are a one-to-one proxy for gun ownership. Using national data on gun sales, they argue that simply regressing homicides on Guns&Ammo magazine sales overestimates the relationship from guns to homicide by a factor of 3, thus underestimating the relationship from homicide to guns by an equal amount. Duggan (2001 Duggan ( , p.1093 estimates that the elasticity of GSS gun ownership with respect to subscriptions to Guns&Ammo is 0.354. Moody and Marvel (2002, pp. 2-4) use this estimate to argue that the long-run elasticity of guns (not are weighted by county population. Duggan does not indicate whether he took account of the correlation in the residuals that is likely to result from the simultaneity of subscriptions and murders. We treated the regressions reported in Table 1 as unrelated and did not account for correlation between the residuals.
subscriptions to Guns&Ammo) with respect to homicide is 0.147 and the long-run elasticity of homicides with respect to guns is 0.09, and that there is no statistically significant difference between the two elasticities. 14 We estimate that the elasticity of GSS gun ownership with respect to subscriptions to Handguns Magazine is 0.7665 with a standard error of 0.4770. 15 Together with our estimates in Columns 3 and 4 of Table 2 , this suggests that the long-run elasticity of guns with respect to homicide is 0.0026 and the long-run elasticity of homicides with respect to guns is 0.0008; the two estimates are not statistically significantly different from each other.
A MODEL OF CORRELATED COUNT DATA
The differences in the results in Table 2 County level data on the numbers of murders, reported rapes, robberies, and magazine subscriptions are count data that consist mainly of zeros and small integers.
16 Table 3 shows that more than half of the observations on murders and about one-third of the observations on reported rapes and robberies are zero. About 80 percent of the observations on the number of murders, and about 50 percent of the observations on reported rapes and robberies do not exceed 3, and the distributions have very long right tails. 17 Hausman et al. (1984) 
from each run of the Gibbs sampler.
For the discussion of our results in Section 5, it will be useful to divide the 12 × 12 correlation matrix Λ into four 6 × 6 submatrices,
where Λ s is the covariance matrix of the 6 latent effects ) ,..., ( that is black, the percentage of county population that is female, the county average of real per capita personal income, the county average of real per capita unemployment insurance, the county average of real per capita income maintenance, the county average of real per capita retirement payments per person over 65, the county population density, the state unemployment rate, and two trend variables that measure the effects of adopting a shall-issue law. 21 We assume that the expected numbers of magazine subscriptions and 21 There is evidence that the adoption of a shall-issue law has a statistically significant impact on violent crimes (see, among others, Lott, 2000, and Plassmann and Tideman, 2001 ). The most likely explanation for this result is that arming potential victims raises the cost of committing a crime: criminals who face a greater risk of being shot while committing crimes are less likely to commit crimes. The two trend variables measure the trends in the number of crimes before and after the adoption of such a law.
Our data set contains the percentage composition of county population in terms of all possible combinations of gender, race (white, black, neither white nor black), and age over 10 (10-19, 20-29, 30-39, 40-49, 50-64 , and over 64 years of age). This detailed breakdown has been used in the analyses of Lott (2000) and others. However, while the addition of non-dummy right-hand side variables does not slow down least-squares analyses, it noticeably increases computing time in numerical analyses like the Gibbs sampler. Although the more precise breakdown in demographics could provide better information on the nature of both criminals and their victims, the computing costs of adding the 36 combinations of gender, race, and age are very high. We therefore decided to approximate their effects with the 6 age variables and the two race and gender percentages instead.
murders are proportional to the county population and include county population as a multiplicative constant with a coefficient of one, which effectively weighs the estimates by county population.
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Counties are fairly heterogeneous and our 16 covariates are unlikely to be the only determinants of gun magazine subscriptions and crimes. Because we already include observation-specific latent effects, it is not necessary to separately include country-specific fixed effects-their effects are subsumed in the latent effects so that models with and without county-specific fixed effects yield the same estimates of the coefficients of the covariates. 24 These results are similar to previous research using survey evidence on gun ownership (Glaeser and Glendon, 1998, p. 460, and Lott, 2000) . 25 The lower half of the table suggests that counties with an older population, a high population density, and a high percentage of blacks experience large numbers of murders, and that the murder rate increases with per capita income. 26 The impact of the unemployment rate is positive but not statistically significant. Note that the interpretation of the age coefficients is more complex. Because the percentages over all age groups need to sum to 100, our estimates do not imply that, for example, a one percent increase in the population between 10 and 19 years lowers subscriptions to Handguns Magazine by about 42 percent. If the percentage of the population between 10 and 19 increases, then the percentages of other age groups must simultaneously decrease, and the decrease of 42 percent must be added to the changes in subscriptions that result from the reductions of the other age groups. Because we do not know the simultaneous percentage changes of the other age groups, it is not possible to infer the total effect from the (marginal) age group coefficients.
25 One difference with the Glaeser and Glendon results is that they find gun ownership to be highest for those between 20 and 29 and those over sixty. 26 The estimates of the coefficients of the four trend variables that measure the before and after-adoption trends of shall issue laws suggest that adoption of such a law reverses an upward sloping trend in the number of subscriptions to gun magazines, while it flattens a downward sloping trend in the number of murders. Because alternative specifications did not affect our estimates of Σ and because the effect of shall issue laws is tangential to the current analysis, we leave further discussion for future research.
years, which suggests that counties with high and those with low murder rates in 1990
still have high and low, respective murder rates in 1997 and that there is little regression to the mean. Second, the estimates of the correlation coefficients between magazine subscriptions in the upper left quadrant are fairly high for any two consecutive years, but the correlation between any two years of subscriptions decreases as the time period between them increases. In other words, a county's subscription rate in one year is a reasonable predictor for its subscription rate in another year, but the predictive power decreases over time. Most estimates of the coefficients of the covariates and of the correlations within Λ s and Λ c are fairly intuitive, and we therefore conclude that our model is unlikely to be badly misspecified.
The lower left quadrant of Table 5 shows the estimates of the correlations between the 6 years of magazine subscriptions and murders, Λ does not arise. Researchers often examine only counties with more than 100,000 persons, which excludes about 25 percent of the United States population and more than two 28 It would be interesting to determine what these estimates imply about the correlations between gun ownership (rather than subscriptions to Handguns Magazine) and murder rates. Moody and Marvel (2002) describe a method of translating one set of estimates into the other, using an estimate of the elasticity of gun ownership and magazine subscriptions. Unfortunately, their method applies only to linear models but not to our estimate of Λ.
thirds of all counties from the analysis. It is often argued that the results from such an analysis apply to all counties. Table 6 shows the correlation matrix Λ that we estimated from large counties with populations of more than 100,000 persons. 29 The correlation between murders and lagged subscriptions exceeds the corresponding correlation between subscriptions and lagged murders in 13 out of 15 cases, and the difference exceeds two standard errors in eight cases. This suggests that there may be a causal relationship between higher subscription (that is, gun ownership) rates and higher murder rates in future years for (mostly urban) counties with large populations, although no such relationship exists for all counties as a whole. The results of an analysis of large counties therefore do not apply to all counties (note that we weigh our two regression equations by county population). We repeated the analysis using only data from the remaining counties that have populations of fewer than 100,000 persons, but the correlation matrix was similar to the matrix in Table 5 . We did not determine which particular selection of smaller counties suggests the reverse causation.
It is interesting to note that the results of this Poisson-lognormal analysis of counties with large populations differ considerably from the results of our earlier leastsquares analysis of these counties (Table 2 , Columns 5 and 6). This is further indication that least-squares analyses of heavily skewed count data may produce misleading results. Tables 7 to 9 show the coefficient estimates and the estimates of Λ of analyses of the correlations between subscriptions to Handguns Magazine and reported rapes and 29 The reduced data set included 2,930 observations from 508 counties.
Analyses of reported rapes and robberies
robberies. 30 The estimates of Λ sc for reported rapes and robberies do not indicate any recognizable pattern. The correlations between subscriptions and lagged rapes in Table 8 exceed the reverse correlations in 6 out of 15 cases, but this difference exceeds two standard errors in only two cases. The correlations between reported rapes and lagged subscriptions exceed the reverse correlations by more than two standard errors in 6 cases, but 5 of these are correlations between reported rapes in 1990 and future subscriptions. It is possible that this year somehow differed from the other years. We consider evidence that stems mainly from a single year insufficient to suggest a general causal relationship between reported rapes and gun magazine sales.
The correlations between subscriptions and lagged robberies in Table 9 exceed the reverse correlations in 7 out of 15 cases. The differences exceed two standard errors in 8 cases, but four of these are correlations between subscriptions in 1993 and robberies in future years, while the other four are correlations between robberies in 1990 and subscriptions in future years. Again, the results are driven almost entirely by two years.
Although there are several large differences for both crimes, these results do not suggest a clear pattern in either case. We repeated both analyses using only data from counties with populations of more than 100,000 persons. The estimated correlation matrices were very similar to those shown in Tables 8 and 9 , and did not indicate that there is a significant difference between counties with small and counties with large populations in the cases of reported rapes and robberies. 30 The estimates of the coefficients for the magazine subscription equation differed by less than one standard error from those reported in the upper part of Table 4 , and are therefore not shown.
CONCLUSION
It is possible that more guns will lead to more crimes and it is also possible that more crimes will lead to more guns. A simple analysis of the correlation between guns and crimes cannot differentiate between these two possibilities, which makes it necessary to examine the individual correlations between crime and gun ownership rates across time. We report the results of such an empirical simultaneous equations analysis that uses the number of subscriptions to Handguns Magazine as a proxy for gun ownership.
If this proxy is adequate, then our analysis provides an insight into the relationship between handgun ownership and murders, reported rapes, and robberies.
We find little evidence that the correlation between today's number of subscriptions and future crimes exceeds the correlation between the today's crimes and future subscriptions. Our analysis suggests that if there are causal relationships between guns and crimes, then the relationships between guns and crimes and between crimes and guns are equally strong. Only our analysis of counties with populations of more than 100,000 persons provides some weak evidence that increases in the number of subscriptions cause the number of murders to increase, which indicates that urban and rural areas may face different relationships between guns and crime. However, we do not find similar evidence for causal relationships between the numbers of subscription and reported rapes and robberies, respectively, in counties with large populations. (1) The analyses in Column 2 use percentage changes in the reported rate at which individuals own guns as the dependent variable, and the analyses in Column 3 use percentage changes in a calculated rate at which households own guns. (2) Estimated standard errors are shown in parentheses. A '**' indicates statistical significance at the 5 percent level, and a '*' indicates statistical significance at the 10 percent level. Use only counties with more than 100,000 persons Use only counties with more than 100,000 persons Use data from all counties
Combine the smaller counties into "rest of the United States"
Omit the data from the smaller counties
∆ln ( The numbers are the mean estimates of 5,500 runs of the Gibbs sampler of which the first 500 were discarded. The numbers in parentheses are the estimated standard errors. The label 'S' indicates 'subscriptions' and 'M' indicates 'murders;' the number indicates the year. An asterisk indicates that the correlation exceeds the reverse correlation. The numbers are the mean estimates of 5,500 runs of the Gibbs sampler of which the first 500 were discarded. The numbers in parentheses are the estimated standard errors. The label 'S' indicates 'subscriptions' and 'R' indicates 'reported rapes;' the number indicates the year. An asterisk indicates that the correlation exceeds the reverse correlation. The dot indicates the full set of conditioning variables. 33 See, for example, Gelfand et al. (1990, p.979 
